An indigenous dye-decolourising bacterium Micrococcus endophyticus (ES37) was isolated from dye contaminated soil and identified by 16S rDNA sequencing. The bacterial strain ES37 exhibited 97.19% of dye removal capacity in Luria-Bertani broth composition within 48 h, while the culture containing yeast extract showed 53.4% decolourisation in 72 h. In the absence of carbon and nitrogen sources, the bacterial strain failed to decolourise the dye, even on extended incubation. The effect of environmental factors on decolourisation was investigated by Plackett-Burman design and the significant parameters were lactose, yeast extract and pH. Optimisation of these factors was done by response surface methodology with central composite design; the decolourisation ranged from 0.43 to 77.49%. The optimised levels of lactose, yeast extract and pH were found to be 0.85% (w/v), 0.71% (w/v) and 7.5%, respectively. Under the optimal conditions, decolourisation of remazol golden yellow by ES37 strain was 81.61%, which was in agreement with the predicted value of 79.99%. These findings revealed the interactions and importance of environmental factors on dye decolourisation using native bacteria and also their standard point for an effective dye removal process.
INTRODUCTION
Nowadays, management of water pollution is one of the major environmental challenges for ecologists due to rapid industrialisation. Enormous amounts of chemicals including dyes are manufactured and utilised in materials, such as textiles, printing, pharmaceuticals, foods, toys, papers, plastics and cosmetics (Moosvi et al. ) . Among these, discharge of coloured effluents from dye manufacturing units and textile processing industries impose the majority of environmental problems. The effluents from these dyeing industries increase the biological oxygen demand (BOD) and chemical oxygen demand (COD) levels in water bodies. The quantity and composition of effluents depend upon the dyeing process and the type of dye being used. Among all dyes, the azo group of dyes comprises about 70% occurrence in effluents due to its wide range of application in textile industries (Khouni et al. ) .
fibre reactive dyes on fabric materials. Textile wastewater also contain heavy metals, which are combined with the azo dye complex in order to resist biological degradation; this causes serious health hazards when it comes in contact with domestic water (Cooper ) . Draining of coloured effluents into an aquatic environment generates a foul smell, reduces oxygen levels, sunlight penetration and pH, which in turn affects the natural ecosystem (Asgher et al. ; Molina-Guijarro et al. ) . Enormous quantities of textile wastewater also pollute groundwater and soil fertility (Pourbabaee et al. ) .
The dyes that are released into the water bodies are carcinogenic and mutagenic in nature and are hoarded in living organisms through bioaccumulation (Lima et al. ) . For instance, the presence of monoazo and anthoquinone groups in dyes are found to cause allergic reactions (Vander Zee et al. ) . In the human body, the liver and kidneys metabolise azo dye, using the azo reductase enzyme, into aromatic amines; this is then excreted in the urine.
Sometimes, it causes bladder cancer and induces tumour formation (Brown & Devito ) . In the last few decades, much research has focussed on biodegradation or bioaccumulation of dyes using autochthonous micro-organisms, due to their ability to survive in higher pH, temperature, salt concentration and a nutrient deficient medium. Therefore, biological treatment of dye removal, involving various operational parameters, must be analysed and optimised prior to on-site execution. Conventional optimisation methods have resulted in a large number of unreliable experiments at an incomplete stage (Senthilkumar et al. ) .
Statistical tools, such as design of experiments (DOEs), have assisted in predicting the optimum response value with a few experiments (Montgomery ). Plackett-Burman design (PBD) and response surface methodology (RSM) application are used to find combined and individual effects of the significant factors that are involved in the process (Plackett & Burman ; Chen ). Mostly, they are used to reduce the chemical usage and the time involved in the process by optimisation (Ayed et al. ) . Optimisation of dye decolourisation has specifically focussed on the factors playing an important role in large-scale treatment, by a bio-statistical approach using bacteria that was not explored well in dye decolourisation.
The present study aimed to explore the potentiality of native bacteria (which were isolated from dye contaminated soil) in the dye decolourisation process, and also to employ them in decolourisation of a reactive azo dye, remazol golden yellow.
MATERIALS AND METHODS
Isolation and screening of dye-decolourising bacteria were incubated at 37 W C for 4 days and the decolourising zones around the bacterial colonies were observed.
Identification of dye-decolourising bacteria
The selected feasible dye-decolourising bacterial strain ES37
was identified by the 16S rDNA sequencing method. The genomic DNA isolation, extraction, polymerase chain reaction amplification and 16S rDNA sequencing of the amplified gene were carried out at Xcelris Labs Ltd, Ahmedabad, India.
Phylogenic tree analysis and Genbank accession
The generated 16S rDNA consensus sequences were initially analysed in an NCBI server (www.ncbi.nlm.nih. replicates). The nucleotide sequences were deposited in the NCBI GenBank with accession number JX042488.
Decolourisation efficiency in various media
The decolourisation competence of selective bacterial strains was determined with various aqueous media con- (1)
Optimisation of dye decolourisation via DOEs
DOEs is a bio-statistical tool, which reveals the individual and interactive effects of multiple factors involved in a process, by screening up to 'n-1' variables in just 'n' number of trials. Estimation of regression coefficients and prediction of the fittest model were carried using the statistical software Minitab Version 15 (Tripathi & Srivastava ).
Plackett-Burman design
The 2 k-factorial PBD trials were carried out in order to select the important factors that influence decolourisation of remazol golden yellow by M. endophyticus ES37 and also to evaluate the relative importance of the significant factors that are involved in the process. Scrutinised factors and their actual values are shown in Table 1 . PlackettBurman experimental design, depicted in Table 2 , is based on the first-order model Equation (2) as follows:
where Y is the response, X i is factor levels, i is the factor number, β 0 is the model intercepts term, β i is the linear effect, β ii is the squared effect, and β ij is the interaction effect between X i and X j on the dye decolourisation process.
A Plackett-Burman experimental run was performed in a basal broth medium with abiotic controls in static incubation.
Response percentage dye decolourisation was assayed. A (Karthikeyan et al. ) . Only the factors which had a P-value (probability > F) of less than 0.10 were considered for further experiments (Khelifi et al. ).
RSM
The significant factors involved in decolourisation were optimised using RSM and central composite design (CCD).
RSM and CCD involve a group of trial systems employed to assess the correlation between experimental factors and the response. The selected factors, namely yeast extract, lactose and pH, were considered at five coded levels, Àα, À1, 0, þ1 and þα (Table 3) ; α ¼ 2 n/3 , 'n' is the number of parameters and '0' is the central point. The actual values of experimental factors were calculated by using Equation (3) (Paul et al. ):
The experimental model of CCD is shown in (4):
where Y is the percentage of decolourisation, β 0 is the intercept term, β 1 , β 2 and β 3 are linear coefficients of each significant factor, β 11 , β 22 , β 33 are quadratic coefficients, β 12 , β 13 , β 23 are interaction coefficients and X 1 , X 2 , X 3 , X 4 are coded factors. The best experimental model was determined 
Identification of dye-decolourising bacteria
The identification of the dye-decolourising bacterial strain was done by 16S rDNA sequencing method. The evolutionary history was analysed using the NJ method. The phylogenetic tree of the sequenced strain is shown in Figure 1 
Optimisation of dye decolourisation

Screening of significant factors by PBD
The influence of obligatory factors under static conditions, during decolourisation of remazol golden yellow by M. endophyticus ES37, was analysed using PBD. There was a wide variation in efficiency of remazol golden yellow decolourisation, ranging from 0.63 to 22.57% (Table 5 ). The statistical analyses of regression coefficients and estimated effects of the factors are given in Table 6 .
The 
; Jadhav et al. ).
In the present study, factors possessing confidence levels greater than 90% were considered significant. A large t-value coupled with a low P-value specifies high significance of factors and model term.
The effect of significant factors on decolourisation is explained by regression Equation (5), which is used to find the predicted decolourisation (%) of any desired combination of factors in the experimental range. The fittest model was confirmed by the determination of correlation Table 7 . This explains the presence of variations in the net result caused by each factor that is relative to the total variation. According to a Pareto chart ( Figure 2 ) the screened factors, in the order yeast extract, lactose and pH, were most effective for remazol golden yellow dye decolourisation.
RSM approach using CCD
The significant factors (yeast extract, lactose and pH) and their combined effect were studied by RSM for optimisation of remazol golden yellow decolourisation using M. endophyticus ES37. As per CCD, the dye removal rate varied from 0.43 to 77.49% (Table 8) . Second-order polynomial model Equation (6) and CCD results were linked in order to elucidate the dependence of the dye removal ratio by multiple regression analysis. The estimated regression coefficient for the model is given in Table 9 . The magnitude of coefficient had high significance (P ¼ 0) for all factors during the decolourisation process. In addition, the correlation coefficient (R 2 ) was determined by regression analysis and was found to be 83.43%, thus a higher value of R 2 indicated a good correlation between the factors and CCD dye decolourisation process.
Y ¼ 72:5917 þ 16:3401 × X 1 þ 5:6242 × X 2 þ 8:6070
where Y is predicted dye decolourisation (%), and X 1 , X 2 and X 3 were the coded values of lactose, yeast extract and pH, respectively.
ANOVA was used to evaluate the implication and com- In the validation study, a response optimiser was Under optimal conditions, decolourisation of textile wastewater increased significantly; this may be due to the influence of variations in abiotic factors that are involved in the decolourisation process (Chaudhari et al.
)
.
CONCLUSION
The present study clearly emphasises that the indigenous bacterial strain M. endophyticus ES37 has the ability for bioremediation of azo dye. The interactive effect of significant parameters and their optimal conditions were determined by statistical applications. The favourable conditions of environmental parameters most suitable for dye decolourisation resembled normal conditions. However, 
